Among the non-pollen micro-fossils commonly encountered in Quaternary sediment samples prepared 17 for pollen analysis are many shells of testate amoebae. Testate amoebae are eukaryotic micro-18 organisms which are increasingly used in ecological and palaeoecological studies, particularly as 19 indicators of hydrological change in Sphagnum-dominated peatlands. In this study we address the 20 extent to which testate amoebae are used in palynological research, the key challenges to more 21 widespread use, and the extent to which ecological information is retained in the testate amoeba 22 assemblages of standard palynological slides. To achieve this we review the literature on the use of 23 testate amoebae in palynology, compare testate amoeba records produced by palynological and water-24 based preparation methods and carry out simulations using previously-derived datasets. Our results 25
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show that testate amoebae are widely encountered in Quaternary palynological studies, primarily in 26 peatlands, but the information which they can provide is undermined by limited taxonomic knowledge. 27
Many taxa are destroyed in pollen preparations, but for taxa that are retained patterns of abundance 28 parallel those determined using water-based preparation methods. Although the loss of sensitive taxa 29 limits the ecological information contained in testate amoeba assemblages the information preserved is 30 likely to be useful in a multiproxy approach to palaeoenvironmental reconstruction. To help improve 31 taxonomic awareness and encourage the use of testate amoebae in palynology we present a basic 32 introduction to testate amoeba taxonomy and a guide to the taxonomic literature. 33 KEYWORDS: Testate amoebae; Non-pollen palynomorphs; Pollen; Palynology; Protists 34
INTRODUCTION 36
A variety of Quaternary microfossils other than pollen are commonly found in slides prepared for 37 pollen analysis and are collectively termed non-pollen palynomorphs (NPPs). NPPs include the sub-fossil 38 remains of a large variety of organisms with a diversity of ecological niches which may be sensitive to 39 many environmental gradients and changes to which the pollen record is relatively unresponsive. For 40 instance in palaeolimnology while pollen is predominantly allogenic many NPPs are autogenic, formed 41
by aquatic organisms such as algae, rotifers and cyanobacteria and may thus record information on 42 changes in the aquatic ecosystem to which the pollen record is less sensitive. In our simulations we took average losses from major taxa (>1% total) in all palynological 130 preparations in this study (in one case excluding an apparent increase) and manipulated our 131 palaeoecological datasets accordingly (cf. Mitchell et al. 2008b ). Data was only available for a 132 limited range of taxa, other taxa were left unchanged. 133 3. As the count of testate amoebae in palynological studies is generally small we simulated 134 reduced counts. In our experiments we simulated counts of 20 tests, a total which can often be 135 reached with little additional counting effort in palynological studies. Reduced counts were 136 simulated by random selection of individuals with replacement, each individual having an equal 137 probability of selection (Payne & Mitchell 2009) . 138 We carried out four sets of experiments using these scenarios: 1) selected taxa only, 2) selected taxa 139 and downweighting of sensitive taxa, 3) selected taxa with reduced count, and 4) selected taxa, 140 downweighting of sensitive taxa and reduced count. All three palaeoecological datasets were 141 manipulated to reflect these changes and percentages calculated. Applicable transfer functions 142 were then applied and depth to water In Mauntschas, testate amoeba concentrations and accumulation rates (Fig. 2) for palynological 185 preparations are considerably lower than for water-based methods, varying by taxon and depth but 186 averaging less than 10%. Although there may be real reasons for differences in concentration between 187 different samples from the same depths much the most probable explanation is that many tests are 188 destroyed or lost in preparation. There is a large degree of commonality between the palynological and 189 water-based records for the four testate amoeba taxa which are found in both. Archerella flavum is only 190 found in the lower part of the core for both records with similar peaks at 57, 60 and 65 cm (although a 191 peak in abundance at 58 cm is absent in the palynological record). Most Arcella tests are found between 192 35 and 60 cm in both records, with a major peak in both at 57 cm. Assulina muscorum shows a pattern 193 of peaks and troughs that is similar between the two records but has considerable differences in themagnitude of change, notably in the major peak at 9 cm in the water-based record. Peaks at 56 and 66 195 cm appear less marked in the water-based record. Assulina seminulum has very similar peaks and 196 troughs but the magnitude of change in the water-based record is distorted by a large peak at 9 cm. In 197 general there are very similar patterns of change between the two records, and though the magnitude 198 of change often differs, the direction of change is mostly the same. We conclude that even for taxa 199 which survive pollen preparations a majority of individuals is not retained. Despite this, the pattern of 200 change is reasonably intact, so that the ecological information of these taxa is retained. 201 not always well-characterised this situation is rapidly improving. As well as aiding palaeoenvironmental 257 reconstruction the more frequent and accurate identification of testate amoebae in palynology would 258 also help improve our knowledge of testate amoeba ecology. The preservation of testate amoebae in 259 palynological samples may well vary according to palynological preparation technique. We are not 260 currently able to recommend a preparation method which will both produce high quality pollen slides 261 and also optimise preservation of testate amoebae. Certainly the use of strong acids (HF) is likely to be 262 very destructive for tests.
Suggestions for study of testate amoebae in palynological research 264
The use of testate amoebae in palynology is limited by taxonomic knowledge. Unfortunately 265 there is no single modern, comprehensive guide to testate amoeba taxonomy which can be 266 recommended for palynologists. The most widely used guide for palaeoecologists is that of Charman et 267 al. (2000) . This useful guide is readily and cheaply available and covers the most common taxa in 268 peatlands. However, the guide takes a rather conservative approach with many broad groupings which 269 do not find favour with all taxonomists, and it does not attempt to include taxa absent in oligotrophic 270 peatlands. The most comprehensive modern guide is that of Mazei and Tsyganov (2006) In Appendix One we set out a basic identification guide to some common testate amoeba taxa 278 for palynologists. We base our list on the taxa identified in our literature review supplemented with taxa 279 which we believe might be preserved. Among the many hundred species of testate amoeba that could 280 conceivably be found in pollen slides, our list is biased towards peatland taxa, reflecting the greater 281 abundance of NPP studies in this environment. It will, however, be wise to cross-check identifications 282 with more detailed taxonomic guides. We avoid specialist terminology and keep identification criteria as 283 simple and straightforward as possible, and hope that the result is of practical use to palynologists. 284
CONCLUSIONS 285
Testate amoebae are widely present in Quaternary palynological samplesand constitute an 286 under-utilised source of palaeoecological information. The testate amoeba assemblage in such slides is 287 extensively denuded such that it would be unwise to rely on testate amoebae alone for environmental 288 reconstruction. However, the records for taxa which do survive mirror unbiased records produced by 289 water-based preparation methods. Testate amoebae may therefore provide useful additional 290 information in a multiproxy approach. Current use of testate amoebae is undermined by lack of 291 awareness and limited taxonomic knowledge. As a step towards remedying this situation we provide a 292 basic taxonomic guide and suggestions for further reading. 
